Purpose: The limitation of current urinary tumor markers is the low specificity and positive predictive value, which clinically manifests as a high false-positive rate. We analyzed the false-positive data of 2 urinary tumor markers, NMP22 and the BTA stat tests. We examined the clinical categories of the false-positive results, established relative exclusion criteria, and recalculated the specificity and positive predictive value after using the exclusion criteria.
The early diagnosis of bladder cancer allows for effective local treatment and optimizes the success of surgical therapy. When detected early most patients with superficial bladder cancer can be treated without the need for more aggressive surgical therapies. Currently, there are no accurate noninvasive methods to identify early bladder cancer. Screening for bladder cancer in patients who present to the urology clinic with symptoms of microscopic or gross hematuria, or other irritative voiding symptoms is currently done with urinalysis, urinary cytology and office cystoscopy. Gross or microscopic hematuria is the most common presenting symptom of bladder cancer but it is a nonspecific finding with an extensive differential diagnosis. 1, 2 Urine cytology is used in conjunction with cystoscopy to determine the cause of hematuria. Unfortunately, the sensitivity of voided urine cytology is on average less than 50% and as low as 30% in low stage, low grade disease. [3] [4] [5] Conversely, the specificity of office cystoscopy is less than 10% in the evaluation of patients with microscopic hematuria. 2 The potential development of a highly sensitive urinary test for the detection of transitional cell carcinoma of the bladder could have an impact on our ability to screen effectively symptomatic patients at risk for bladder cancer.
The BTA stat test is a rapid, single step immunochromatographic assay for the detection of bladder tumor associated antigen in voided urine. The NMP22 test was introduced recently for the detection of occult or rapidly recurring disease. NMP22 is a sandwich enzyme immunoassay that is performed on stabilized voided urine. A previous study from our laboratory demonstrated that NMP22 had a sensitivity of 100% in the early detection of bladder cancer but had a low specificity of 86% and a positive predictive value of only 29%. 6 Similar to microscopic hematuria, the low positive predictive value of the urinary tumor markers is manifest as a high false-positive rate which leads to confusion and unnecessary cystoscopy. We examined the clinical categories of false-positive results and low positive predictive values, established relative exclusion criteria and recalculated the specificity and positive predictive value of these tests using the exclusion criteria.
MATERIALS AND METHODS
Patients. A total of 278 symptomatic patients presented to the urology clinic with microscopic (112) or gross (77) hematuria, or chronic irritative voiding symptoms (89). There were 199 incident (early detection) and 79 prevalent (known) bladder cancer cases. Demographic information included age, sex, history of bladder cancer or any other genitourinary cancers, history of any infectious urinary tract conditions, stone disease or presence of foreign body (ureteral stents and nephrostomy tubes). Each patient submitted a single voided urine sample, which was divided into 3 aliquots. The urine samples were frozen for NMP22 while waiting for other samples to run the assay. Aliquot 1 was stabilized with NMP22 test kit stabilizer and assayed for NMP22, aliquot 2 was used for BTA stat testing and aliquot 3 was sent for cytology examination. This study was approved by our Institutional Review Board, and the NMP22 and BTA stat kits were supplied by the manufacturers. Each patient underwent office cystoscopy and if cancer was suspected, bladder biopsy was performed. All reported bladder cancers were histologically confirmed.
NMP22 assay. NMP22 calibrators, controls and patient urine samples were reacted with an antibody coated on 96 well microplate. After washing, the captured NMP22 antigen was reacted with a second antibody labeled with digoxigenin. After washing, the digoxigenin labeled antibody was detected with an anti-digoxigenin antibody coupled to horseradish peroxidase using O-phenylenediamine substrate. The reaction was terminated by the addition of 2 m. sulfuric acid. A standard curve derived by concurrent testing of the NMP22 calibrators (range in concentration from 0 to 120 U./mL.) was used to determine the concentration of the antigen in the urine. 1 NMP22 values of 10 U./ml. or greater were considered positive for incident cases, whereas 6 U./ml. or greater were considered positive for prevalent cases, respectively. The cutoff value of 10 U./ml. for incident cases was determined to be optimal by receiver operating characteristics (ROC) analysis performed in a previous study (see figure). 6 For recurrent or prevalent cases the reported cutoff of 6.4 U./ml. had been suggested previously. 1, 7, 8 BTA stat test assay. The BTA stat test is a qualitative immunoassay which is performed by placing 5 drops of urine into the sample well of a disposable test device. In the presence of a bladder tumor associated antigen, an antigen conjugate complex is formed that creates a visible line in the test zone. No visible line is seen in the absence of the antigen. A bold visible line indicates a positive test result. The control zone of the device contains an immobilized reagent that captures the conjugated antibody and forms a visible line whether bladder tumor associated antigen is present or not. Formation of this line in the control zone indicates that the device has functioned properly. The results are read 5 minutes after placement of urine into the well and recorded as positive or negative.
Sensitivity, specificity, and positive and negative predictive values were calculated for the diagnostic tests. Sensitivity and specificity between tests were compared with McNemar's test, and predictive value rates were compared with Fisher's exact tests. All calculations were performed with computer software.
RESULTS
Of the 278 cases evaluated 34 (12%) had histologically confirmed bladder cancer which was detected by NMP22 in 28 (82.4%) and by BTA stat in 23 (67.7%, table 1). Urinary cytology was positive in only 10 of the 34 cancers (29.4%), atypical in 9 and negative in 15. If atypical cytologies were treated as positive, cytology then detected 19 cancers (55.9%), which was similar to the BTA stat test result. Of 72 patients with elevated NMP22 values cancers were detected in 28 and results were false-positive in 44 for a specificity of 82% and positive predictive value of 38.9%. Similarly, of 66 patients with a positive BTA stat test cancers were detected in 23 and results were false-positive in 43 for a specificity of 82.4% and a positive predictive value of 34.9%. In contrast, urinary cytology alone had a specificity and positive predictive value of 99.6 and 90.9%. When combined with atypical cytology, the specificity and positive predictive value decreased to 93 and 55.9%.
Of the 34 cancers detected 28 were from prevalent cancers and 6 were incident or screening cancers. NMP22 and BTA stat detected 4 of the 6 incident cancers for a sensitivity of 66.7% (table 2). The 2 missed cancers in the incident group were solitary Ta grade I/II tumors which also were undetected by the NMP22 and BTA stat. In comparison, urinary cytology detected only 1 of the 6 incident cancers (16.7%) and the combination of atypical cytology detected 2 (33.3%, table 2). A comparison of the specificity and positive predictive value between NMP22 and BTA stat showed similar results with a specificity of 86 and 82.4% (p ϭ 0.20), and positive predictive value of 12.9 and 10.5% (p ϭ 1.00), respectively. In contrast, urinary cytology alone had a specificity and positive predictive value of 100% but when combined with atypical cytology the specificity and positive predictive value decreased to 95.9 and 20%, respectively (table 2).
In the 28 prevalent cases sensitivity of NMP22 was supe-ROC curve to determine NMP22 reference value for optimal sensitivity and specificity for detecting transitional cell carcinoma in incident cases. Inflection points are near 6.0 and 10.0 U./mL. We analyzed the false-positive data of the NMP22 and the BTA stat test results and observed that greater than 80% could be grouped into 6 main clinical categories of benign inflammatory or infectious conditions (cystitis, recurrent urinary tract infections, prostatitis), presence of renal or bladder calculi, current or recent history of a foreign body in the urinary tract (stents, nephrostomy tubes), any bowel interposition segment (ileal conduits, continent diversions), other genitourinary cancers (prostate, renal cell) and instrumented urinary sample (table 3) . A "no known pathology" category was included as a control. Mean NMP22 values of all 6 exclusion categories were at least 3 times higher than the false-positive control group (20.1 U./mL.). Presence of a foreign body or any bowel interposition segment resulted in a false-positive rate of 100% for NMP22 and BTA stat. Exclusion of these 6 categories improved the specificity and positive predictive value of NMP22 to 95.6 and 87.5%, and BTA stat to 91.5% and 69.7%, respectively, which were similar to urinary cytology values (table 4). There was no difference in the false-positive rates between the 2 tests in any of the exclusion categories.
DISCUSSION
The early detection of bladder cancer in patients at risk for newly diagnosed or recurrent cancers may significantly impact the options and effectiveness of local therapies. The greatest challenge in the management of superficial bladder cancer is to diagnose cancers before progression to invasive disease. In screening a symptomatic population the sensitivity of urinary cytology is too low (30 to 50%) to detect optimally bladder cancer at its earliest presentation. [3] [4] [5] Conversely, a positive urinalysis with microscopic or gross hematuria lacks the specificity to screen patients at risk and lends itself to many unnecessary, cost-ineffective cystoscopies. 2 While cystoscopy remains the gold standard for early detection of bladder cancer with a sensitivity of greater than 90%, its limitation is the low specificity and positive predictive value when used to evaluate microscopic hematuria or chronic irritative voiding symptoms. The current indications for screening cystoscopy in a urological practice has a bladder detection yield of less than 10%. 2 While recent reports on the new urinary tumor markers show markedly improved sensitivity versus urinary cytology, the limitation of these markers (like microscopic hematuria) is the low specificity which clinically manifests as a high false-positive rate. Our study examined the clinical categories of the false-positive results, calculated the false-positive rate in each category and established relative exclusion criteria. The clinical use of these exclusion criteria significantly improved the specificity of NMP22 to 95.6% and BTA stat to 91.5%, which are similar to urinary cytology values.
We investigated NMP22 and the Bard BTA stat in 2 different symptomatic patient populations. In the 199 incident (early detection) cases the incidence of bladder cancer was 6 (3%) with the NMP22 and Bard BTA stat detecting 4 of the 6 cancers. Previously we had a screening detection rate of 9% and established a cutoff value of greater than 10 U./mL. for NMP22 in the incident group. 6 This cutoff value was determined with a ROC curve which showed an equivalent sensitivity using 10 versus 6 U./mL. (see figure) . 6 If the NMP22 cutoff value was lowered to 6.4 U./mL. as suggested by others for patients with known or recurrent bladder cancer, then all 6 cancers would have been detected. 7, 8 However, the ROC curve generated from our previous study for a screening or early detection population demonstrated that lowering the cutoff value to 6.0 or 6.4 U./mL. would only reduce the specificity with no improvement in the sensitivity. However, a cutoff value of 6.4 U./mL. for NMP22 may be reasonable in a screening population when more rigid criteria are used for EXCLUSION CRITERIA FOR BLADDER CANCER SCREENING TESTS excluding patients with false-positive results. While these exclusion criteria will not improve the sensitivity of the test, they significantly improve the specificity, reducing the frequency of false-positive results and unnecessary cystoscopy. Presently, urinary tumor markers are only approved by the Food and Drug Administration to monitor for residual or recurrent bladder cancer and the approved cutoff value is 10 U./mL. for the NMP22 test.
In the prevalent group the potential impact of using these new tumor markers is prolongation of interval cystoscopy, which is currently advised at a 3-month interval. In the 28 prevalent (known) cases urinary cytology detected only 9 (32.1%), whereas NMP22 detected 24 (85.7%) and the BTA stat detected 19 (67.8%) cancers. Interestingly, if the atypical cytologies were considered positive, urinary cytology would have detected 19 of 28 cancers (60.7%), which is comparable to the BTA stat test (table 2) . Stage and grade of the 4 prevalent tumors missed by NMP22 test included Ta grade I in 3 and flat carcinoma in situ in 1. All 9 cancers detected by the cytology were detected by NMP22 and BTA stat. Since the sensitivity of the urinary tumor markers is not 100%, elimination of interval cystoscopy cannot be advised. However, better familiarity with these urinary tumor tests and the fact that they usually miss low grade, low stage cancer may allow greater comfort in prolonging the interval of surveillance cystoscopy in select patients. Another role of NMP22 in patients with recurrent disease may be to schedule sedative procedures for those with positive NMP22 values, when we expect a necessary biopsy, and to reserve flexible cytoscopy for those with negative values.
Analysis of the significance of atypical cytology revealed improvement in sensitivity primarily in the prevalent (known) cases of bladder cancer. In the incident (early detection) group treating an atypical cytology as positive only increased the sensitivity to 33.3% and reduced the positive predictive value to 20%, whereas in the prevalent group the sensitivity increased to 60.7%. Thus, using atypical cytology to screen symptomatic patients for early detection is only marginally more sensitive than cytology alone but sensitivity improves considerably when monitoring for recurrent or residual bladder cancers. The negative aspect of using atypical cytology is that it increases the number of false-positive results, reducing the positive predictive value in the incident and prevalent populations (table 2) . We are continuing to study the role of atypical cytology in a larger population of patients.
The role of these new urinary tumor markers remains controversial. While recent reports describe improved sensitivity of these markers, the clinical problem has been the low specificity and positive predictive value, which have produced many false-positive results. While specificity is a standard statistical measurement that is used to describe screening tests, the positive predictive value, which inversely reflects the false-positive rate, correlates better with clinical practice. When there is a low cancer incidence in a screening population, it is difficult to show dramatic changes in specificity due to the large denominator. The positive predictive value is much more sensitive to changes because it correlates directly with false-positive results. In this study we attempted to clarify some of the confusion surrounding the high incidence of false-positive results.
We identified 6 categories of false-positive results that can be easily identified in any risk population (table 3) . Patients with a recent history or presence of a foreign body (ureteral stents and nephrostomy tubes), or with any bowel interposition segment (ileal conduit or continent diversions) have a 100% false-positive rate with mean NMP22 values greater than 150 U./ml. and should be excluded from study. Those patients with concurrent renal or bladder calculi or who have an instrumented urinary sample have a 25 to 43% falsepositive rate with mean NMP22 values ranging from 64.2 to 86.9 and should probably be excluded from study. The more relative exclusion criteria include benign inflammatory conditions, that is cystitis, recurrent urinary tract infections or prostatitis, with a 22 to 25% false-positive rate (27 mean NMP22) and other genitourinary cancer (prostate, renal cell) with a false-positive rate of 8 to 18% (61.8 mean NMP22). The validity of these categories of false-positive results can be seen in the last category in patients with no known pathology who had a false-positive rate of 4 to 8% (20.1 mean NMP22).
The biological factors that contribute to falsely elevated values involve any process that produces rapid turnover of any epithelial cell. The NMP protein is a nonspecific nuclear matrix protein that is shed with any disease process that causes rapid cell turnover. Any bowel interposition segment has a rapid turnover of gastrointestinal cells. Foreign bodies cause an inflammatory urothelial response and account for exfoliated cells. Inflammatory conditions, such as cystitis and prostatitis, similarly cause rapid epithelial cell turnover and are responsible for an elevated test result. Instrumentation can cause trauma to the urethral epithelial cells and produce an elevated NMP22. Similar to our understanding of prostate specific antigen, an awareness of these clinical conditions can enhance the clinical usefulness of these new markers. Patients in these clinical categories should be treated with urinary cytology alone. These new urinary markers need to be tested using these exclusion categories in a prospective study.
In what direction are we headed with these new urinary markers and can they change the way we practice? At less than $15, these automated tests are comparable in cost to urinalysis. With a sensitivity 2 to 3 times that of cytology and a negative predictive value of greater than 90%, these markers rarely will miss a bladder cancer. The same can be said for microscopic hematuria but there is a big difference. Using exclusion criteria urinary tumor markers become cancer specific. We have not developed the same exclusion criteria for microscopic hematuria and, hence, must accept its low positive predictive value or false-positive rate. Thus, for less than $15 we can effectively screen all men and women older than 50 years for transitional cell cancer of the bladder or urothelial tract cancer who have any predisposing history, such as smoking, or any unexplained urinary tract symptoms.
CONCLUSIONS
The clinical usefulness of NMP22 and BTA stat test will depend on improving the specificity and the low positive predictive value. While our preliminary study shows excellent sensitivity superior to urinary cytology, we have been disappointed in the number of false-positive results. We retrospectively analyzed our false-positive results and found 6 relative exclusion criteria. Comparison of these categories between NMP22 and the BTA stat tests showed nearly identical results. Exclusion of these categories increased the specificity and positive predictive value of NMP22 and BTA stat to values nearly identical to urinary cytology. By using more defined exclusion criteria the positive predictive value or clinical usefulness of these 2 tumor markers can be enhanced. The inclusion of atypical cytology as a positive result improved the overall sensitivity of urinary cytology 2-fold, with a greater impact seen in prevalent or recurrent bladder cancer. The use of atypical cytology in the incident or early detection cases did not substantially improve the sensitivity of cytology and produced significantly more false-positive results. Studies are ongoing of the role of atypical cytology in the screening of a symptomatic population for early detection.
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